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Optical Amplifier Supervisory Control Method in WDM 
Communication System 

Background of the Invention 
Field of the Invention 

The present invention relates to a WDM (Wavelength 
Division Multiplexing} transmission apparatus and an 
optical amplifier control system which are used for a 
WDM communication network, and more specifically to an 
optical amplifier control system which supports an 
optical wavelength ADM ( add drop multiplexing) function 
and an optical path protection function in the WDN 
communication network. 

Description of the Related Art 

Optical transmission which uses WDM technology has 
come into practical use in an optical transmission 
apparatus, and a WDN ring network using an optical ADM 
apparatus which supports the ADM function, which operates 
in the unit of optical wavelengths, and the optical path 
protection switch function is also coming into practical 
use . 

Fig. 1 shows an example of the constitution of a 
WDM communication system having the ADM function. A 
signal from an upper stream (fore node) is transmitted 



using a transmission path 121, and after being amplified 
by an amplifier (multi-wavelength optical 
pre-amplif ier) 101, said signal is separated into each 
individual wavelength by DEMUX (wavelength separator) 
102; and after channel selection (through/add/drop) is 
made by an optical switch 103, said signal is multiplexed 
by MUX (wavelength multiplexer) 104; and said signal 
is amplif iedby apost-amplif ier (multi-wavelength post- 
amplifier) 105, and is transmitted to a downstream (next 
node) by a transmission path 122. 

Also, after the signal which is transmitted by the 
transmission path 124 is amplified by a pre-amplif ier 

(multi-wavelength optical pre-amplif ier) 115, said 
signal is separated into each individual wavelength by 
DEMUX (wavelength separator) 114; after channel 
selection (through/add/drop) is made by the optical 
switch 103, said signal is multiplexed by MUX (wavelength 
multiplexer) 112; said signal is amplified by a 
post-amplifier (multi-wavelength optical 

post-amplifier) 111, and is transmitted to the downstream 

(next node) by the transmission path 123. 

la. which enters the optical switch 103 from a 
transmission path 125 can be added to the transmission 
paths 122 and 123 by the optical switch 103, and lb can 
be drawn out (dropped) from the transmission paths 121 
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and 124 by the optical switch 103, and can be transmitted 
to the transmission path 126. 

ALC and AGC can be considered as a method of 
controlling a multi-wavelength amplifier 

> (pre-amplif ier or post-amplifier) used for the WDM 

communication system. 

ALC (Automatic Level Control) mode 
Given the condition that multi-wavelength is n, 
and target output level per wave is Pn, the ALC (Automatic 
) Level Control) mode is the mode of controlling the gain 

^ of an optical amplifier so that the total output Po of 

tw the optical amplifier may become constant (= n X Pn) 

l*J regardless of the optical input level of the optical 

fll 

f\\ amplifier. 

|«g 15 The ALC mode controls the optical amplifier so that 

ffi 

the total output level of the optical amplifier may become 
constant even if the input level of the optical amplifier 
fluctuates . 

Please note that one of the multiplexed wavelengths 
20 is cut off in the optical signal which is inputted in 

the optical amplifier, and the wavelengths other than 
the one which was cut off are amplified to a greater 
degree because the ALC mode tries to keep the total output 
level constant. 

25 Also, when a new wavelength is added to the optical 



signal which is inputted in the optical amplifier, the 
optical amplifier output level per wavelength decreases 
because the ALC mode tries to keep the total output level 
constant . 

In this way, when the number of wavelengths which 
are inputted in the optical amplifier increases or 
decreases, the output level of each individual wavelength 
changes, so that when the output level of each wavelength 
deviates from the input tolerance of the 0/R module which 
receives this wavelength, the signal makes an error. 
In prior arts, in order to solve such a problem that 
the ALC mode had, a method of multiplexing a pilot signal 
and controlling the pilot signal to keep the level of 
the pilot signal constant is considered. In this method, 
however, extra light (pilot signal) must be always kept 
multiplexed, so it is necessary to mount the parts for 
transmitting or receiving, multiplexing, and separating 
the pilot signal, thus causing the cost to be great and 
making the size of the apparatus large. Also, when the 
pilot signal is used, there is a problem in that power 
consumption increases. 

Also, there is a method in which an optical 
supervisory channel (OSC) is provided, the OSC 
informs each optical amplifier of multiplexed wavelength 
information, each amplifier changes the target total 



output level based on this information, and the gain 
is controlled. 

AGC (Automatic Gain Control) mode 

The AGC mode is the mode for keeping the ratio ( gain) 
of the optical input level and the optical output level 
of the optical amplifier constant. 

When the input level of the optical amplifier 
fluctuates, the output level of the optical amplifier 
also changes in accordance with the input level because 
the gain of the optical amplifier is constant. When the 
wavelengthmultiplexing number of an optical signal which 
is inputted in the optical amplifier changes, if the 
input level of each individual wavelength does not change, 
the output level of each individual wavelength does not 
change either because the gain is constant. So, even 
if a new wavelength is added or deleted, the service 
using the existing wavelength is not affected. 

(1-1) In the WDM system using the ALC mode, there 
is the following problem in the prior art in which a 
supervisory control signal of the optical amplifier is 
transmitted via the OSC to control the gain. When the 
number of optical wavelengths is changed, each amplifier 
is informed of that information via the OSC. Each 
amplifier controls the gain in accordance with the new 
number of wavelengths based on that information. At that 



time, however, if the optical signal after the number 
of the wavelengths has been changed is inputted into 
the optical amplifier before each amplifier is informed 
of the new information on the wavelengths which have 
been added, the optical amplifier output level of each 
wavelength fluctuates owing to the influence of the ALC 
mode, and if said level deviates from the receiving light 
tolerance of the receiving side, that would cause an 
error . 

( 1-2 ) In order to solve the above-mentionedproblem, 
a method of keeping the amplifier output per wavelength 
constantbymultiplexing thepilot signal and controlling 
the signal level of that pilot signal in a constant level 
can be considered. In this method, however, extra light 
(pilot signal) must be always kept multiplexed, so it 
is necessary to mount parts and circuits for transmitting 
or receiving the pilot signal, thus causing the cost 
for the parts and circuits as well as the power to be 
spent extra. 

(1-3) Also, as another method of controlling the 
optical amplifier, there is a method in which the 
transmissionpower of the optical amplifier ismonitored, 
the next downstream node is informed of the monitored 
transmission power information via the OSC, the 
transmission power information of the fore node is 



obtained in the next node, and the gain of the optical 
amplifier is controlled so that the optical amplifier 
output of said node may become the same as the transmission 
power of the fore node. However, in the event that the 
number of wavelengths increases or decreases in the fore 
node and the transmission power changes, if an optical 
signal whose number of wavelengths has been changed is 
inputted into the optical amplifier before the next node 
is informed of the new transmission power information, 
the gain of the optical amplifier cannot be correctly 
controlled, and if said output level deviates from the 
receiving light tolerance on the receiving side, that 
would result in an error or the incapability of receiving 
the information, thus affecting the service for which 
said wavelength is used. 

(2) In the WDM system of prior art in which the 
gain of the optical amplifier is controlled in the AGC 
mode, there is the following problem. In the operation 
of the WDM system based on the AGC mode, when the WDM 
system is started, it is necessary to measure the optical 
loss between the nodes and set the amplifier gain so 
as to compensate for the loss . However, in the measurement 
which is carried out using measuring equipment, the loss 
changes between the state where the measurement equipment 
is connected and the state where connectors are engaged 
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in apractical use, so it is not easy to accurately measure 
the loss including the loss in the connector junction. 
If the accuracy of measuring the optical loss is bad, 
it is necessary to consider an extra level margin when 
5 originally designing an optical line. Therefore, there 

is plenty of demand that the booting (gain setting) of 
the optical amplifier including the optical loss 
M= measurement should be automated. 

0 

Q (3) Also, there is another problem as follows . The 

[j? 10 optical loss of the optical fiber used for connection 
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between the nodes changes due to environmental conditions 
such as temperature and physical bending, so in the WDM 



**j system which controls the gain of the optical amplifier 

tU in the AGC mode, an extra level margin must be considered 

P 15 for such an optical loss when the optical line is designed, 

ry 

the design of the optical line becomes all the more 
difficult, and the optical amplifier whose output for 
absorbing these levels of changes is large and a VAT 
(variable optical attenuator) whose attenuation is large 
20 must be used, inevitably making the cost of the parts 

high. 

( 4 ) Fig . 2 shows an example of the WDM communication 
network. In the event that any fault occurs to the 
clockwise working path in the WDM ring network shown 
25 in Fig. 2, when a path protection switch for switching 



an optical wavelength to a counter-clockwise protection 
path is realized, the path of the optical wavelength 
is switched over by the protection switch, so that the 
number of wavelengths which are inputted into the optical 
amplifier changes from 0 to the number of wavelengths 
to be protected, and the optical input level changes 
rapidly. In the path through which an optical signal 
usually does not pass, like a protection path, since 
there is no optical input or output level, the optical 
amplifier cannot be controlled by ALC or AGC, so the 
optical amplifier must be kept shutdown. However, there 
is a problem in that it takes time to start the optical 
amplifier from a shutdown state when the path of the 
optical wavelength is switched over by the protection 
switch. 

Summary of the Invention 

The purpose of the present invention is to provide 
an inexpensive optical-amplifier supervisory control 
method which can automatically carry out gain adjustment 
and startup. 

The optical-amplifier supervisory control method 
of the present invention is an optical-amplifier 
supervisory control method in an optical node including 
an optical amplifier and an optical post-amplifier, and 
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comprises a step which automatically controls the gain 
of the optical post-amplifier and a step which starts 
the optical amplifier, when being started up, by the 
automatic level control mode, and controls the optical 
amplifier, when being in routine operation, by automatic 
gain control, and carries out an automatic level control 
for every specified period during the routine operation . 

According to the present invention, it is possible 
to provide an inexpensive optical-amplifier supervisory 
control method which can automatically carry out gain 
adjustment and startup. 

Brief Description of the Drawings 

Fig. 1 shows an example of the constitution of a 
WDM communication system having an ADM function; 

Fig. 2 shows an example of a WDM communication 
network; 

Fig. 3 is the diagram (diagram 1) showing the effect 
of ALC time constant when the ALC mode is used; 

Fig. 4 is the diagram (diagram 2) showing the effect 
of ALC time constant when the ALC mode is used; 

Fig. 5 is the diagram which briefly shows two 
adjacent nodes by paying attention to the one-side 
direction of a constitution example of a WDM transmission 
apparatus having an ADM function; 



Fig. 6 is an example showing the WDM apparatus 104 
and the optical post-amplifier 105 shown in Fig. 5 
according to the embodiment of the present invention; 

Fig. 7 is an example showing another constitution 
of the optical post-amplifier according to the embodiment 
of the present invention; 

Fig. 8 is an example showing the constitution of 
the optical pre-amplif ier according to the embodiment 
of the present invention; 

Fig. 9 is an example showing another constitution 
of the optical pre-amplif ier according to the embodiment 
of the present invention; 

Fig. 10 shows the control flow in the gain control 
circuit of the optical post-amplifier according to the 
embodiment of the present invention; and 

Fig. 11 shows the control flow in the gain control 
circuit of the optical pre-amplif ier according to the 
embodiment of the present invention. 

Description of the Preferred Embodiments 

In the embodiment of the present invention, the 
WDM transmission apparatus comprises an optical 
amplifier, an AGC circuit which carries out automatic 
gain control, an input power monitor which monitors the 
input optical level of the optical amplifier, and an 
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OSC transmission and receiving circuit which transmits 
and receives a supervisory control signal; the next node 
is informed of the number of optical wavelengths of the 
optical post-amplifier via the OSC; when the input 
optical level which is monitored by the input power 
monitor falls within a specified range and the gain of 
the optical amplifier falls within a specified range, 
the next node is informed of a normal operation state 
via the OSC; when the input optical level deviates from 
the specified range, the normal operation state is 
cleared. Also, when the number of optical wavelengths 
changes, the next node is informed of a new number of 
optical wavelengths via the OSC. 

The WDM transmission apparatus comprises a gain 
control circuit which has two control modes, ALC and 
AGC, an amplifier gain back-up unit, an OSC transmission 
and receiving circuit which transmits and receives a 
supervisory control signal, a guard-time timer which 
has a longer timed-out time than the time required to 
process and transfer supervisory control information 
between the nodes; a longer time is taken for the ALC 
time constant than the time required to process and 
transfer the supervisory control information between 
the nodes; even if the number of optical wavelengths 
or the optical level fluctuate during operation in the 
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ALC mode, the gain of the optical pre-amplif ier is kept 
almost unchanged in the period until new supervisory 
control information (the number of optical wavelengths 
and the normal operation state) is transmitted from the 
fore node. 

When the optical pre-amplif ier is initially started, 
the optical pre-amplif ier is started in the ALC mode 
by receiving a notice of the normal operation state from 
a fore node via the OSC, and when the output of the optical 
pre-amplif ier falls within a target output range for 
more than a specified time, the amplifier gain at that 
moment is backed up, and when the amplifier gain at that 
moment is backed up and continues during the period until 
the guard-time timer gets timed-out, the optical 
pre-amplif ier is changed over to the AGC mode. 

While the optical amplifier is in operation in the 
AGC mode, the optical pre-amplif ier is periodically 
changed over to the ALC mode, and when the output of 
the optical pre-amplif ier falls within a target output 
range for more than a specified time, the amplifier gain 
at that moment is substituted on the amplifier gain 
back-up unit and is backed up, and when the guard-time 
timer is started and the normal operation state from 
the fore node continues during the period until the 
guard-time timer gets timed-out, the optical 
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pre-amplif ier is returned to the AGC mode. 

The WDM transmission apparatus has a back-up unit 
which backs up the gain of the optical pre-amplif ier 
in a non-volatile memory, and backs up, in the back-up 
unit, the amplifier gain backed up in the amplifier gain 
back-up unit when the optical pre-amplif ier is changed 
over from ALC to AGC. 

In the optical pre-amplif ier which has two control 
modes, ALC and AGC, when a notice of a normal operation 
state from a fore node is cleared or the number of 
wavelengths changes while the optical per-amplif ier is 
controlled in the ALC mode, the ALC mode is stopped; 
if an effective gain value of the optical amplifier is 
backed up, the optical pre-amplif ier is transferred to 
the AGC mode using the backed-amplifier gain value; if 
an effective gain of the optical pre-amplif ier is not 
backed up, the output of the optical pre-amplif ier is 
shutdown until the optical pre-amplif ier receives a 
notice of a normal operation state again. 

In the optical pre-amplif ier which has two control 
modes, ALC and AGC, when the optical pre-amplif ier is 
re-started after a power failure occurs and is restored 
to a normal state, if an effective gain value of the 
optical amplifier is backed up, the optical pre-amplif ier 
is controlled in the AGC mode and re-started using the 
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backed-up amplifier gain; if an effective gain value 
of the optical amplifier is not backed up, the optical 
pre-amplif ier is re-started in the ALC mode. 

An optical signal is inputted into the optical 
amplifier to boot the optical amplifier, and the optical 
amplifier gain is kept backed up . When there is no optical 
signal input, the optical amplifier is kept shutdown. 
When an optical signal is inputted again later, the 
optical amplifier is controlled in the AGC mode and is 
re-started by the backed-up optical amplifier gain. 

The WDM transmission apparatus comprises an optical 
pre-amplif ier which has two control modes, ALC and AGC, 
an apparatus control unit which has a back-up unit 
backing-up the control information of the optical 
pre-amplif ier, a non-volatile memory unit which backs 
up the serial number of the optical pre-amplif ier , and 
a non-volatile memory unit which backs up the serial 
number of the shelf in which the optical pre-amplif ier 
is accommodated; the serial number of the optical 
pre-amplif ier and the serial number of the shelf in which 
the optical pre-amplif ier is accommodated are backed 
up together with the optical pre-amplif ier gain in the 
back-up unit; when the optical pre-ampli f ier is started 
after a power failure occurs, the serial numbers of the 
optical pre-amplif ier and the shelf are compared with 



16 



the serial numbers of the backed-up optical pre-amplif ier 
and the backed-up shelf; only when these values coincide, 
the backed-up optical pre-amplif ier gain is judged to 
be effective; starting the optical pre-amplif ier in the 
AGC mode using a wrong gain value when the apparatus 
control unit is replaced is prevented by re-starting 
the optical pre-ampli f ier in the AGC mode using the 
backed-up amplifier gain. 

Another control method of the optical amplifier 
has an optical pre-amplif ier which has two control modes, 
ALC and AGC, a memory unit which backs up amplifier gain , 
and an OSC transmission and receiving circuit which 
transmits and receives a supervisory control signal; 
a longer time is taken for the ALC time constant than 
the time reguired to process and transfer the supervisory 
control signal between the nodes; the optical 
pre-amplif ier is started in the ALC mode by receiving 
a notice of a normal operation state from a fore node 
via the OSC; when the output of the optical pre-amplif ier 
falls within a target output range for more than a 
specified time, the amplifier gain of that moment is 
backed up. 

After that, if the output of the optical 
pre-amplif ier is within a target output range, the 
amplifier gain which is periodically backed up is updated 
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to the amplifier gain of that moment. 

When wavelength number information received via 
the OSC changes during operation in the ALC mode, the 
ALC mode is changed over to the AGC mode which uses the 
amplifier gain backed up in the memory. After that, if 
the number of wavelengths does not change and the output 
of the optical pre-amplif ier is within a target output 
range and is stable, the mode is returned to the ALC 
mode again. 

According to the embodiment of the present invention, 
a fore node informs the next node of a normal operation 
state when the input of the optical post-amplifier is 
within a specified level. At that time, the optical 
post-amplifier is controlled in the AGC mode, so the 
output level is also within a specified level. While 
the next node which receives this optical output is 
receiving a notice of the normal operation state, the 
optical level which is inputted into the optical 
pre-amplif ier is deemed to be constant, and when the 
optical pre-amplif ier has not been started yet, startup 
of the optical pre-amplif ier is begun in the ALC mode. 
The optical pre-amplif ier is controlled in such a way 
that the output of the optical pre-amplif ier falls within 
a target output level and becomes constant in the ALC 
mode. When the output level is within a target output 
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level range for longer than a specified time, the 
amplifier gainof thatmoment is backed up in the amplifier 
gain back-up unit; when the normal operation state from 
the fore node continues in the period until the guard 
time timer gets timed-out, said state is transferred 
to the AGC mode using the amplifier gain backed up 
in the amplifier gain back-up unit. According to this 
optical amplifier control method, it is possible to 
automatically set the amplifier gain according to the 
optical loss between the nodes. Also, since it is 
unnecessary to change the connection of the connectors, 
contrary to such a case where the optical loss between 
the nodes is measured using measurement equipment, the 
optical loss including the loss in the connector junction 
can be accurately measured, thus making it unnecessary 
to take an extra loss margin into consideration when 
designing optical circuits. 

Even if the number of wavelengths or the output 
of the optical post-amplifier of the fore node fluctuates 
due to the increase and decrease of the number of 
wavelengths, etc. before the gain setting in the ALC 
mode is completed, a long time is taken for the ALC time 
constant so that the gain of the optical pre-amplif ier 
may remain almost unchanged in the same period as the 
time required to process and transfer the supervisory 
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control information between the nodes. Consequently, 
even if an optical signal whose number of wavelengths 
has been changed is inputted before the next node is 
informed of new information on the wavelengths which 
have been increased or decreased, the output of the 
optical pre-amplif ier does not produce such a level 
fluctuation that gives rise to an error. 

Fig. 3 and Fig. 4 are the diagrams showing the effect 
of ALC time constant when the optical pre-amplif ier is 
operated in the ALC mode. In Fig. 3, the vertical axis 
is the total output of the optical pre-amplif ier , and 
the horizontal axis is time. The number of wavelengths 
which are inputted into the optical pre-amplif ier in 
the period of tl is 8. The number of wavelengths which 
are inputted into the optical pre-amplif ier in the period 
of t2 is 16. The number of wavelengths which are inputted 
into the optical pre-amplif ier in the period of t3 is 
4. The number of wavelengths which are inputted into 
the optical pre-amplif ier in the period of t4 is 10. 
Also, Fig. 4 is the diagram in which the vertical axis 
of Fig. 3 is re-written as the output per wave of the 
optical pre-amplif ier . When the number of wavelengths 
inputted into the optical pre-amplif ier which is operated 
in the ALC mode changes, the optical pre-amplif ier is 
controlled so that the output of the optical 
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pre-amplif ier may become the same as the total output 
of the optical pre-amplif ier whose number of wavelengths 
have been changed according to the ALC time constant 
(dotted lines in Fig. 3 and Fig. 4) until new information 
on the number of wavelengths is transferred from the 
fore node to the gain control circuit of the optical 
pre-amplif ier . At that time, the larger the ALC time 
constant, the smaller the output change of the optical 
pre-amplif ier per unit time, and the level fluctuation 
of the optical pre-amplif ier output of each wavelength 
also becomes smaller, thus preventing an error f rombeing 
easily generated. 

That is, if a longer time is given for the ALC time 
constant than the time required to process and transfer 
the supervisory control information between the nodes, 
the optical pre-amplif ier output does not produce such 
a level fluctuation that gives rise to an error even 
if an optical signal whose number of wavelengths have 
been changed is inputted into the optical pre-amplif ier 
before the next node is informed of the new wavelength 
information. 

Multiplexing an OSC signal of supervisory control 
information is usually performed in WDM communication, 
and if a normal operation state and information on the 
number of wavelengths are transferred to the next node 
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using this OSC signal, it is not necessary to have an 
extra circuit for a pilot signal. 

Also, the fluctuation of the optical loss due to 
external factors such as an ambient temperature of 
optical fiber can be corrected by periodically 
re-adjusting the gain of the optical pre-amplif ier in 
the ALC mode. 

Furthermore, at that time, when the optical output 
level of the fore node fluctuates during re-adjustment 
of said gain and deviates from a specified range or when 
the number of optical wavelengths changes, the optical 
pre-amplif ier is returned to the AGC mode using the gain 
value backed up in the back-up unit so that the optical 
pre-amplif ier output per wavelength fluctuates, thus 
preventing the signal from giving rise to an error. 

When the optical amplifier is in routine operation, 
there is a possibility that the gain for the AGC mode 
cannot be accurately set if the gain is backed up while 
the optical amplifier input is fluctuating in the method 
that when the optical amplifier is started, the optical 
amplifier is started in the ALC mode in order to correct 
the loss between the nodes and changed over from the 
ALC mode to the AGC mode using the gain determined in 
the ALC mode in order to prevent an error due to the 
increase or decrease of the wavelengths or a sudden change 
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of the number of optical wavelengths (optical level) 
by a path protection switch. Therefore, when the optical 
amplifier is started in the ALC mode, it is necessary 
to keep the optical level which is inputted into the 
optical amplifier constant. 

The fore node informs the next node of a normal 
operation state when the output of the optical 
post-amplifier is within a specified level range. While 
the next node is receiving the notice of the normal 
operation state, the optical level which is inputted 
into the optical pre-amplif ier is deemed to be constant, 
and startup of the optical pre-amplif ier is begun. Also, 
when the optical output level of the fore node fluctuates 
while the optical pre-amplif ier is being started in the 
ALC mode, it is possible to prevent the optical 
pre-amplif ier from starting up by a wrong gain value 
by shutting down the optical pre-amplif ier . 

Also, when a power failure occurs and is restored 
to a normal state, even if the optical input level from 
the fore node is not stable, the optical pre-amplif ier 
can be re-started by controlling the optical 
pre-amplif ier in the AGC mode and starting it up using 
the gain value backed up in the back-up unit, and 
communication by the WDM system can be restored in a 
short time. 
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Furthermore, in the event that an optical signal 
is once inputted in advance to set and back up the optical 
amplifier gain of a protection path, and is used in the 
working path later, when the optical wavelength path 
is changed over from the working path to the protection 
path by the protection switch, the number of wavelengths 
which are inputted into the optical amplifier on the 
protection path changes from 0-wave to the number of 
waves to be protected. At that time, the optical amplifier 
can be started faster by starting the optical amplifier 
in the AGC mode by the optical amplifier gain which 
has been backed up than the optical amplifier is started 
up in the ALC mode, so that it is possible to solve the 
problem in that it takes time to start up the optical 
amplifier in the ALC mode, thus shortening the time of 
the signal breaking due to the protection switch. 

When the apparatus control unit which backs up the 
control information of the optical pre-amplif ier in a 
power supply- turned-off state is replaced, if the gain 
which has been set in another system is backed up in 
the back-up unit, the serial numbers of the optical 
pre-amplif ier unit and the shelf are compared with the 
serial numbers of the backed up optical pre-amplif ier 
unit and the shelf, and only when these values coincide, 
the backed-up amplifier gain is judged to be effective, 
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thus enabling the optical pre-amplif ier to be prevented 
from starting up due to a wrong setting of the gain. 

Apart from the method of transferring to the AGC 
mode while the optical pre-amplif ier is in routine 
operation, and the method of periodically correcting 
the optical pre-amplif ier gain in the ALC mode, there 
is another optical pre-amplif ier control method in which 
the loss fluctuation between the nodes can be always 
corrected by continuing the operation in the ALC mode 
after the optical pre-amplif ier is started in the ALC 
mode. Also, when the number of wavelengths changes due 
to the increase or decrease of wavelengths or any 
impediment, the optical amplifier gain changes little 
until new information on wavelengths is transmitted from 
the fore node by taking a long time for the ALC time 
constant, and the optical pre-amplif ier output does not 
produce such a level fluctuation that gives rise to an 
error. Furthermore, when the wavelength information 
received via the OSC changes, the optical amplifier gain 
fluctuates, thus preventing an error f rombeing produced, 
because the optical pre-amplif ier is transferred to the 
AGC mode using the optical amplifier gain which is 
periodically backed up. 

Fig. 5 is the diagram which briefly shows two 
adjacent nodes by paying attention to the one-side 
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direction of a constitution example of a WDM transmission 
apparatus having an ADM function shown in Fig. 3. 

Fig. 6 is an example showing the WDM apparatus 104 
and the optical post-amplifier 105 shown in Fig. 5 
according to the embodiment of the present invention. 

Fig. 7 is an example showing another constitution 
of the optical post-amplifier according to the embodiment 
of the present invention. 

In Fig. 5, in node 1, after the WDM opt ical wavelength 
sent from the upstream via the transmission path 121 
is amplified by the optical pre-amplif ier 101, said 
wavelength is separated into each individual wavelength 
by the optical wavelength separator 102, and after path 
selection ( add/drop/ though) is made by the opt ical switch 
103, said wavelength is multiplexed by the optical 
wavelength multiplexer 104, and then is amplified by 
the optical post-amplifier 105, and is sent to the next 
node (node 2) by the transmission path 122. 

Likewise, in node 2, after the WDM optical 
wavelength sent from node 1 via the transmission path 
122 is amplified by the optical pre-amplif ier 201, said 
wavelength is separated into each individual wavelength 
by the optical wavelength separator 202, and after path 
selection (add/drop/though) is made by the optical switch 
203, said wavelength is multiplexed by the optical 
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wavelength multiplexer 204, and then is amplified by 
the optical post-amplifier 205, and is sent to the next 
node by the transmission path 222. 

Described below is an example of the constitution 
5 and operation of the WDM apparatus and the optical 

post-amplifier in the embodiment of the present invention 
with reference to Fig. 6. 
lZ_ In Fig. 6, after each individual wavelength (ll 

& to X n) is multiplexed by the optical wavelength 

111 

lii 10 multiplexer 421 via the monitor 420 using PD' s (photo 

f* 

(ft detectors) , said wavelength is transmitted to the next 

fif 

s node through the transmission path 4 07 via the input 

?m power monitor 402, the optical post-amplifier 403 (being 

til 

composed of, typically, EDFA (Erbium Doped Fiber 
y 15 Amplifier) ) , the output power monitor 404, the optical 

m 

fiber 405 and the optical coupler 406. 

The monitor 420 detect s whether there is any optical 

input of each individual wavelength, and informs the 

OSC transmission and receiving circuit 409 of the result . 
20 The OSC transmission and receiving circuit 409 calculates 

the number of wavelengths which are inputted into the 

WDM apparatus 421 based on that result information, i.e. 

the number of wavelengths which are multiplexed by the 

WDM apparatus 421. 
25 Also, the input power of the optical post-amplifier 
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403 is monitored by the input power monitor 402, and 
the output power is monitored by the output power monitor 
404. The gain control circuit 408 controls the optical 
post-amplifier 403 in the AGC mode based on these 
monitored values to keep the gain of the optical post- 
amplifier constant. 

In the initial state where the optical 
post-amplifier 403 has not been started up yet, the gain 
control circuit 408 informs the OSC transmission and 
receiving circuit 409 of the normal operation state 
cleared (NOROP = 0) . 

When the input optical level which is monitored 
by the input power monitor 402 falls within a specified 
range and the gain of the optical post-amplifier 403 
falls within a specified range in the AGC mode, the gain 
control circuit 408 informs the OSC transmission and 
receiving circuit 409 of the normal operation state 
(NOROP = 1) . 

The OSC transmission and receiving circuit 409 
transmits the number of wavelengths which are multiplexed 
by the WDM apparatus 421 and the normal operation state 
(NOROP) information to the transmission path 410 via the 
supervisory control signal (OSC signal: wavelength X 
osc) . After the OSC signal is multiplexed with a WDM 
signal ( X 1 to Xn) by the optical coupler 406, said OSC 
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signal is transmitted to the next node through the 
transmission path 407. 

Since the optical post-amplifier 403 is operated 
in the AGC mode, the optical output level is also within 
a specified range when the optical post-amplifier input 
is within a specified range. That is, when the optical 
post-amplifier output is within a specified range, the 
fore node informs the next node of the normal operation 
state (NOROP =1) . 

Instead of the above-mentioned method of 
calculating the number of wavelengths which are 
multiplexed by the monitor (PD's) placed at the stage 
prior to the WDM apparatus 421, the number of wavelengths 
can be calculated in the OSC transmission and receiving 
circuit 409 using the wavelength number information 
transmitted from the fore node via the OSC signal, the 
add/drop control information of the optical switch 505 
from the apparatus control circuit 509 of said node, 
and the optical input availability information obtained 
which the monitor 510 monitors the wavelengths which 
are added by said node. 

Here, if it is assumed that 

m: the number of wavelengths sent from a fore node, 
a: the number of wavelengths for which optical 
input actually exists for the wavelengths which are added 
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in the working node, 

d: the number of wavelengths which are dropped in 
said node, and 

n: the number of wavelengths which are multiplexed 
by the WDM apparatus in said node and is transmitted 
to the next node, 

the number of wavelengths n which are multiplexed by 
the WDM apparatus in said node and are transmitted to 
the next node can be calculated by the following formula 
(however, it is assumed that the optical signal which 
is dropped in said node is not inputted into the WDM 
apparatus 421) . 

n = m — d + a 

As has been described, the optical post-amplifier 
is operated in the AGC mode in the embodiment of the 
present invention. 

Fig. 8 is an example showing the constitution of 
the optical pre-amplif ier according to the embodiment 
of the present invention. 

Described below is an example of the constitution 
and operation of the optical pre-amplif ier in the present 
invention with reference to Fig. 8. 

In Fig. 8, the WDM signal from a fore node is inputted 
into the next wavelength separator via the transmission 
path 601, the optical coupler 602, the input power monitor 
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603, the optical pre-amplif ier 604 (EDFA) , the output 
power monitor 605, and the optical fiber 606. 

The guard-time timer 608 has a longer time than 
the time required to process and transfer supervisory 
control information between the nodes. 

The WDM signal ( X 1 to Xn, Aosc) is separated into 
a wavelength for service ( X 1 to Xn) and a wavelength 
for supervisory control ( Xosc) by the optical coupler 
602, and the wavelength for supervisory control is 
inputted into the OSC transmission and receiving circuit 
611 through the optical fiber 610. 

The OSC transmission and receiving circuit 611 takes 
out the normal operation state information and the 
wavelength number information from the OSC signal sent 
through the supervisory control wavelength. The OSC 
transmission and receiving circuit 611 informs the gain 
control circuit 607 of the number of wavelengths out 
of these pieces of information. 

If the optical pre-amplif ier 604 is in an initial 
state (the optical pre-amplif ier is in a shut-down state 
and the gain has not been set yet) , when the OSC 
transmission and receiving circuit 611 receives the 
normal operation state (NOROP = 1) from the fore node, 
the OSC transmission and receiving circuit 611 informs 
the gain control circuit 607 of the normal operation 
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state. 

When the gain control circuit 607 receives the 
notice of this normal operation state, the gain control 
circuit 607 monitors the output power of the optical 
5 pre-amplif ier 604 by the output power monitor 605 and 

controls the optical post-amplifier 604 in the ALC mode 
so that the output level may become constant at the target 
output level (= target output level per wave x number 
of wavelengths) . 

10 If the output optical level which is monitored by 

the output power monitor 605 falls within tolerance and 
for a specified time, the gain control circuit 607 backs 
up the amplifier gain of that moment in the amplifier 
gain back-up unit 609, and starts the guard-time timer 

15 608 . When the number of wavelengths sent from the fore 

node changes or when the normal operation state is cleared 
(NOROP= 0} while the guard-time timer 608 is in operation, 
the gain control circuit 607 stops the guard-time timer 
608, and returns, the optical pre-amplif ier 604 to the 

20 initial state (the optical pre-amplif ier has been shut 

down and the gain has not been set yet) . 

If the number of wavelengths or the normal operation 
state does not change, and the guard-time timer 608 gets 
timed-out while the guard-time timer 608 is in operation, 

25 the gain control circuit 607 changes the operation mode 
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to the AGC mode. At that time, the gain control circuit 
607 backs up the amplifier gain backed up in the amplifier 
gain back-up unit 609 in the back-up unit 612, monitors 
the input power of the optical pre-amplif ier 604 by the 
input power monitor 603, monitors the output power by 
the output power monitor 605, and controls the optical 
pre-amplif ier 604 in the AGC mode based on these monitored 
values, thereby keeping the gain of the optical 
pre-amplif ier 604 constant. 

After the operation mode is changed to the AGC mode, 
the gain control circuit 607 changes over the optical 
pre-amplif ier to the ALC mode by either of the cycle 
set in advance, the time set in advance, or the request 
of the network monitoring device, monitors the output 
power of the optical pre-amplif ier 604 by the output 
power monitor 605, and controls the optical pre-amplif ier 
604 in the ALC mode so that the output level may become 
constant at a target output level (= target output level 
per wave x number of wavelengths) . 

When the output optical level monitored by the 
output power monitor 605 falls within tolerable limits 
of the target output level and is within said range for 
a specified time, the gain control circuit backs up the 
amplifier gain of that moment in the amplifier gain 
back-up unit 609 and starts the guard-time timer 608. 
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If the number of wavelengths sent from the fore node 
changes or the normal operation state is cleared (NOROP 
= 0) while the guard-time timer 608 is in operation, 
the gain control circuit 607 stops the guard-time timer 
608 and transfers to the AGC mode using the amplifier 
gain backed up by the back-up unit 612. 

If the number of wavelengths and the normal 
operation state do not change, but the guard-time timer 
608 gets timed-out while the guard-time timer 608 is 
in operation, the gain control circuit 607 changes over 
the operation mode to the AGC mode. At that time, the 
gain control circuit 607 backs up the amplifier gain 
backed up by the amplifier gain back-up unit 609 in the 
back-up unit 612, monitors the input power of the optical 
pre-amplif ier 604 by the input power monitor 603, 
monitors the output power by the output power monitor 
605, and controls the optical pre-amplif ier 604 in the 
AGC mode based these monitored values, thus keeping the 
gain of the optical pre-amplif ier 604 constant. 

When power supply is turned on in a power-off state, 
the gain control circuit 607 confirms whether any 
effective amplifier gain is backed up in the back-up 
unit 612, and if any effective amplifier gain is backed 
up, the gain control circuit 607 starts the optical 
pre-amplif ier 604 in the AGC mode using that amplifier 
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gain. 

If no effective amplifier gain is backed up, the 
gain control circuit 607 starts the optical pre-amplif ier 
604 in the same method as that of starting the optical 
pre-amplif ier in its initial state (i.e. being shut down 
and the gain has not been set yet) which has already 
been described. 

There is another function of the gain control 
circuit 607. After the amplifier gain is backed up in 
the back-up unit 612, and the gain control circuit 607 
changes over the operation mode to the AGC mode, the 
input power monitor 603 detects that the input of the 
optical pre-amplif ier 604 has disappeared (there is no 
wave) , and then the gain control circuit 607 shuts down 
the optical pre-amplif ier 604. 

After that, when the input power monitor 603 detects 
that the input power of the optical pre-amplif ier has 
been inputted, the gain control circuit 607 starts up 
the optical pre-amplif ier 604 in the AGC mode using the 
amplifier gain backed up in the back-up unit 612, monitors 
the input power of the optical pre-amplif ier 604 by the 
input power monitor 603, monitors the output power by 
the output power monitor 605, and controls the optical 
pre-amplif ier 604 in the AGC mode based on these monitored 
values, thus keeping the gain constant. 
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Fig. 9 is an example showing another constitution 
of the optical pre-amplif ier according to the embodiment 
of the present invention. 

The serial number (S/N) of the optical pre-amplif ier 
unit is written on the non- volatile memory 62 0 in advance, 
and the serial number of the shelf 630 is written on 
the non-volatile memory 621 in advance . After the optical 
pre-amplif ier is started up in the ALC mode in the method 
mentioned above, when the gain control circuit changes 
over the operation mode to AGC mode and backs up the 
amplifier gain in the back-up unit 612, the serial number 
of the optical pre-amplif ier stored in the non-volatile 
memory 620 and the serial number of the shelf stored 
in the non-volatile memory 621 are backed up together 
with the amplifier gain in the back-up unit 612. 

When the apparatus control unit is replaced while 
power is off, if a new apparatus control unit was used 
for another apparatus in the past and the amplifier gain 
of that apparatus was stored in the back-up unit, using 
said amplifier gain as it is to control the optical 
pre-amplif ier in the AGC mode makes it impossible to 
accurately correct the loss between the nodes, thereby 
possibly causing the main signal to make an error. In 
order to prevent this, when power is turned on, the 
amplifier gain as well as the serial numbers written 
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on the non-volatile memory 620 and 621 for the optical 
pre-amplif ier unit and the shelf respectively are 
compared with those in the back-up unit 612, and only 
when both factors coincide, the amplifier gain backed 
up in the back-up unit 612 is judged to be effective, 
and the optical pre-amplif ier is started up using the 
backed-up amplifier gain. 

Even when both the back-unit and the optical 
amplifier unit are replaced together, it is possible 
to prevent the optical pre-amplif ier from being started 
up using the amplifier gain which was backed up in another 
apparatus, by comparing not only the serial number of 
the optical pre-amplif ier but also the serial number 
of the shelf. 

According to the above-mentioned invention, by 
eliminating and invalidating the amplifier gain backed 
up in the back-up unit of the apparatus control unit 
when the optical pre-amplif ier unit is taken out, when 
only the optical pre-amplif ier is replaced, the optical 
pre-amplif ier is started up in the ALC mode because no 
effective amplifier gain is backedup. It is thus possible 
to correct the fluctuation of the connection loss, etc. 
of an optical signal whichmay occur due to the replacement 
of the optical pre-amplif ier unit. 

The following merits can be obtained from the 
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above-mentioned embodiment. 

Amplifier gain can be automatically set according 
to the optical loss between the nodes. Also, at that 
time, the connectors do not have to be re-connected, 
contrary to the case where the optical loss between the 
nodes is measured with measuring equipment, so that the 
loss including the loss in the connector junction can 
be accurately measured, thus making it unnecessary to 
take an extra loss margin into consideration when the 
optical circuit is designed. 

Also, even if the number of wavelengths and the 
optical post-amplifier output of the fore node fluctuate 
due to the increase or decrease of the number of 
wavelengths before the gain setting in the ALC mode is 
completed, a long time is taken for the ALC time constant 
so that the gain of the optical pre-amplif ier may remain 
almost unchanged in the same period as the time required 
to process and transfer supervisory control information 
between the nodes, so that even if an optical signal 
whose number of wavelengths have been changed before 
the next node is informed of new information on 
wavelengths which have been increases or decreased is 
inputted into the optical pre-amplif ier , the optical 
pre-amplif ier output does not produce such a level 
fluctuation that gives rise to an error. Also, it is 
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not necessary to have any extra circuit for a pilot signal . 

It is possible to correct the change of optical 
loss due to external factors such as an ambient 
temperature of an optical fiber by re-adjusting the 
optical pre-amplif ier gain in the ALC mode periodically. 

If the optical output level of the fore node 
fluctuates during the re-adjustment of the gain and 
deviates from a specified range, or if the number of 
wavelengths has changed, the optical pre-amplif ier 
output per wavelength fluctuates by returning the optical 
post-amplifier to the AGC mode using the gain backed 
up in the back-up unit, thus preventing an error from 
being produced to the signal. 

In the method wherein the optical pre-amplif ier 
is started in the ALC mode, and is changed over to the 
AGC mode using the gain determined by the ALC mode while 
it is in routine operation, the gain for the AGC mode 
can be accurately set when the optical level inputted 
into the optical amplifier when being operated in the 
ALC mode is constant. 

When the optical output level of the fore node 
fluctuates during the startup of the optical 
pre-amplif ier in the ALC mode, it is possible to prevent 
the optical pre-amplif ier from starting up with a wrong 
gain value by shutting down the optical pre-amplif ier . 
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When power supply cuts off due to power stoppage, 
etc . and is restored to a normal state, even if the optical 
input level from the fore node is not stable, the optical 
pre-amplif ier can be re-started by controlling the 
optical pre-amplif ier in the AGC mode using the gain 
backed up in the back-up unit and re-starting it, so 
that communication by the WDM system can be restored 
in a short time. 

When the number of wavelengths changes from 0 to 
a plurality of wavelengths, by inputting an optical 
signal once inputted into the optical amplifier of a 
protection path in advance, and setting and backing up 
the optical gain, the optical amplifier can be started 
up faster by starting it up in the AGC mode by the backed- up 
optical gain than starting it up in the ALC mode, thus 
making it possible to shorten the time of the signal 
stoppage due to the protection switch. 

When the back-up unit which backs up the control 
information of the optical pre-amplif ier in a power 
supply-turned-of f state is replaced, the serial numbers 
of the optical pre-amplif ier unit and the shelf are 
compared with the serial numbers of the backed-up optical 
pre-amplif ier unit and the shelf, and only when these 
numbers coincide, the backed-up amplifier gain is judged 
to be effective, thus preventing the optical 
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pre-amplif ier from starting up using the amplifier gain 
backed up by another system. 

It is possible to correct the loss fluctuation 
between the nodes at all times by continuing the ALC 
mode after the optical pre-amplif ier is started up in 
the ALC mode. Even if the number of wavelengths changes 
due to the increase or decrease of the number of 
wavelengths or any obstacle, the optical amplifier gain 
remains almost unchanged until new wavelength number 
information comes from the fore node and does not produce 
such a level fluctuation that gives rise to an error 
because the ALC time constant becomes long. Also, when 
the wavelength number information received via the OSC 
changes, the optical pre-amplif ier transfers to the AGC 
mode using the optical gain which is periodically backed 
up, and the optical gain fluctuates, thereby preventing 
an error from being produced. 

According to the embodiment of the present invention, 
when the optical amplifier of the WDM network is started, 
an amplifier starting sequence (a pair of the optical 
post-amplifier of a fore node and the optical 
pre-amplif ier of a next node) can be executed 
independently between each node, and it is not necessary 
to make an amplifier starting sequence among all the 
optical amplifiers in the network, thus making it easy 
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to control the startup of the optical amplifier. 

Fig. 10 and Fig. 11 are flowcharts of the control 
flow in the gain control circuits of the optical 
post-amplifier and the optical pre-amplif ier according 
to the embodiment of the present invention. 

Fig. 10 shows the control flow in the gain control 
circuit of the optical post-amplifier according to the 
embodiment of the present invention. 

First, instepSlO, start the optical post-amplifier, 
and in step Sll, judge whether the optical amplifier 
gain is within a specified range. In step Sll, if it 
is judged that the optical amplifier gain is not within 
a specified range, wait until the optical amplifier gain 
falls within the specified range. In step Sll, if it 
is judged that the optical amplifier gain is within the 
specified range, judge whether the optical input level 
monitoredby the input power monitor is within a specified 
range in step S12. If the judgement is NO in step S12, 
clear the normal operation state in step S13, and return 
to step S12 . If it is judged that the optical input level 
is within the specified range in step S12, inform the 
next node of the normal operation state in step 14, and 
return to step S12. 

Fig. 11 shows the control flow in the gain control 
circuit of the optical pre-amplif ier according to the 
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embodiment of the present invention. 

When starting the optical pre-amplif ier , first, 
in step S20, judge whether any effective 
optical-amplifier gain value is stored in the back-up 
5 unit. If the judgment is YES in step S20, control the 
optical amplifier in the AGC mode using the backed 
amplifier gain value in step S21. If the judgement is 
NO in step S20, proceed to step S22 . 

In step S22, judge whether a normal operation state 

10 has been received from the fore node. If the judgement 

is NO, wait until it is received. If the judgement is 
YES in step S22, start the optical amplifier in the ALC 
mode in step S23, and in step S24, judge whether the 
optical amplifier output level is within a target range 

15 for a specified time. 

If the judgement is NO in step S24, in step S25, 
judge whether a normal operation state is being 
continuously received from the fore node. If the 
judgement is NO in step S25, proceed to step S31. If 

20 the judgement is YES in step S25, in step S26, judge 

whether wavelength number information from the fore node 
has changed. If the judgement is YES in step S26, proceed 
to step S31 . If the judgement is NO in step S26, proceed 
to step S24. 

25 In the judgement is YES in step S24, store the optical 
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amplifier gain in the amplifier gain back-up unit in 
step S27, start the guard-time timer in step S28, and 
in step S29, judge whether a normal operation state is 
being continuously received from the fore node. If the 
judgement is NO in step S29, proceed to step S31. If 
the judgement is YES in step S29, in step S30, judge 
whether the wavelength number information from the fore 
node has changed. 

If the judgement is YES in step S30, proceed to 
stepS31. If the judgement is NO in step S30, judge whether 
the guard-time timer has got timed-out in step S34. If 
the judgement is NO in step S34, return to step S29. 
If the judgement is YES in step S34, change over the 
optical amplifier to the AGC mode in step S35, and store 
the gain backed up in the amplifier gain back-up unit 
in the back-up unit in step S3 6. 

In step S31, judge whether any effective optical- 
amplifier gain value is stored in the back-up unit. 
If the judgement is NO in step S31, shut down the optical 
amplifier in step S33 and return to step S22 . If the 
judgement is YES in step S31, change over the optical 
amplifier to the AGC mode using the backed amplifier 
gain value in step S32. 

According to the present invention, it is possible 
to provide an inexpensive optical-amplifier supervisory 
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control method which can automatically carry out ga ' 
adjustment and startup. 



